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INTRODUCTION
Huntington's disease is an autosomal-dominant neurodegenerative disorder caused by an expansion of the CAG trinucleotide repeat encoding a polyglutamine (polyQ) tract in the amino-terminal region of Huntingtin (Htt) protein [1] . HD is characterized by motor dysfunction, cognitive decline and psychiatric disturbances. Despite the ubiquitous expression of mutant Htt (mHtt), this disorder is characterized by a preferential atrophy of the striatum caused by the loss of GABAergic medium spiny neurons in the caudate nucleus and putamen, although other brain areas such as the cerebral cortex are also affected [2, 3] . The neuropathological hallmark of HD is the formation of inclusion bodies within the affected neurons due to the presence of an expanded polyQ tract that renders mHtt prone to aggregation [4] . Htt is a highly conserved and essential for mammalian embryonic development [5] [6] [7] . Adult loss of Htt leads to neurodegeneration, demonstrating Htt's essential role in maintaining neuronal function and survival [8] . Htt expression is ubiquitous and the protein is present in many subcellular compartments [9] [10] [11] . Htt is a particularly large protein (347.603 kDa) with multiple protein-protein interaction regions, consequently several interaction partners have been described [10] [11] [12] , suggesting that Htt acts as a scaffold to stabilize different protein complexes. To date, Htt has been proposed to be involved in transcriptional regulation [13] , axonal trafficking of vesicles, autophagosomes and mitochondria [14] [15] [16] , nuclear export/import, ubiquitin-mediated proteolysis and regulation of the endosomal and autophagic systems among many other cellular mechanisms [17] .
Cellular homeostasis depends on the proper functioning of different quality control systems that ensure the continuous turnover, degradation and recycling of all intracellular components. Autophagy is the catabolic mechanism by which intracellular components such as proteins, organelles and aggregates are delivered to lysosomes for degradation [18, 19] .
This mechanism plays an essential role in neuronal homeostasis and survival since neurons, in contrast to other non-postmitotic cells, require a constitutive basal autophagic activity to prevent the accumulation of misfolded and aggregated proteins, eliminate unwanted organelles and keep the cell 'clean' [20, 21] .
Dysfunction of the cellular proteolytic systems has been extensively linked to HD. In addition to impairment of the proteasome system [22] , different forms of autophagy are also affected in HD. Defective macroautophagy has been reported in HD-affected neurons [23, 24] and linked to the basal upregulation of chaperone-mediated autophagy (CMA) as compensatory mechanism of both ubiquitin-proteasome system (UPS) and macroautophagy failure [25] .
Mitophagy is a form of selective macroautophagy in which damaged mitochondria are targeted for degradation in the lysosome. While Basal mitophagy is responsible for the constant turnover of the mitochondrial pool, mitophagy can also be induced during development in certain cell types or as a stress-response mechanism following mitochondrial membrane depolarization or hypoxia [26] . Despite the different molecules involved, the various forms of mitophagy follow a similar mechanism where an adapter or receptor molecule acts as bridge between the targeted mitochondria to be eliminated and the LC3-II protein present in the autophagosome membrane. This permits the targeted mitochondria to be engulfed by the autophagosome and subsequent degradaded after fusion with a lysosome. The ability of Htt to physically interact with several partners provides structural stabilization to different protein complexes and allows physically proximity required to carry out different cellular mechanisms. Recently it was shown that Htt can act as a scaffold protein during the initiation of stress-induced selective autophagy [27, 28] . To date Htt has been shown to interact with unc-51 like kinase 1 (ULK1) and p62/SQTM12. ULK1 is required to initiate macroautophagy while p62 is one of the selective macroautophagy receptors that binds simultaneously to autophagosomes via the interaction with LC3-II and a substrate through the direct interaction with polyUB chains tagged to the substrate [27, 28] .
Here, we investigated the genuine role of Htt in neuronal mitophagy, not only through its interaction with ULK1 and p62, but also through its interaction with other essential components of mitophagy mechanisms. In contrast to previous works, we used differentiated striatal neurons to study Htt's role in neuronal mitophagy without artificially modifying the endogenous levels of the molecular components involved in this mechanism. Furthermore, to promote stress-induced mitophagy, we achieved severe mitochondrial depolarization with the mitochondrial uncoupler CCCP as frequently used in previous reports. We also studied mitophagy induction in response to mild depolarization with low concentrations of rotenone.
This non-massive mitochondrial depolarization more closely mimics the typically moderate mitochondrial damage that occurs during neurodegeneration.
RESULTS AND DISCUSSION

Mitophagy is affected in ST-Q111 cells.
Wild type (WT) Htt has been implicated at the cargo recognition step in stress-induced selective autophagy due to its ability to act as a scaffold that brings together different proteins required for autophagy to take place [27, 28, 23] . To study the consequences of glutamine expansion in huntingtin's role in neuronal mitophagy, we using differentiated striatal neurons derived from a knock-in mouse expressing human exon 1 carrying a polyQ tract with 7 glutamines STHdh-Q7 (ST-Q7, control) or 111 glutamines STHdh-Q111 (ST-Q111, mutant) inserted into the endogenous mouse Htt gene. To begin with, we directly studied mitochondrial clearance inside the lysosomes of these neurons. Mitophagy can be monitorized by the colocalization of mitochondria within lysosomes. Under basal conditions, the number of lysosomes loaded with mitochondrial material in the presence of lysosomal inhibitors was similar between control and mutant striatal cells (Fig. 1A) . However, after mild (rotenone 1 μM for 4h) and acute (CCCP 10 μM during 24h) mitochondrial depolarization, control cells showed a clear increase in the number of lysosomes colocalizing with mitochondria, but no increase was observed in the mutant ST-Q111 cells (Fig. 1A) . The colocalization assays of the latter showed that a lower number of lysosomes were loaded with mitochondria, indicating that upon depolarization mHtt cells seem to be less-efficient in digesting damaged michondria. To further analyze mitochondrial clearance in our differentiated striatal cell line, we took advantage of the properties of Keima, a fluorescent protein with a pH-dependent excitation and which is relatively resistant to lysosomal degradation [29, 30] . Keima can be expressed in mitochondria, where it exhibits a peak excitation at 440 nm. Upon delivery of mitochondria to lysosomes for degradation, mitochondrial matrix-localizing Keima (mitoKeima) undergoes a shift towards a 586 nm excitation wavelength due to the acidic lysosomal pH [29] . We transfected mitoKeima into differentiated ST-Q7 and ST-Q111 cells and induced a mild or acute mitochondrial depolarization. Under these conditions, mitochondria are delivered into lysosomes where Keima is present in the lysosomal lumen. The mitoKeima intensity upon red-laser excitation was then analyzed as a reporter of active mitophagy. An increase in mitoKeima intensity was observed in ST-Q7 cells, concomitant with the severity of the mitochondrial insult, indicating that mitochondria were being loaded into lysosomes upon depolarization. No changes were observed in ST-Q111 cells, where a tendency towards a decrease in mitoKeima intensity was actually observed, suggesting an alteration in the mitophagy process (Fig. 1B) . As another measure of mitochondrial degradation, we quantified mtDNA as a reporter of mitochondrial mass [30] . To this end, we immunostained differentiated ST-Q7 and ST-Q111 cells with an anti-DNA antibody that preferentially stains mtDNA [30, 31] . In ST-Q7 cells there was a loss of DNA intensity upon rotenone and CCCP treatment, indicative of mitochondrial removal in response to damage. However, no significant changes were observed in ST-Q111 cells, further implying that mitochondria were not being degraded with the same efficiency as ST-Q7 cells upon stress-induction (Fig. 1C) . These results indicate that induced mitophagy is impaired in differentiated ST-Q111 cells, suggesting that mHtt might directly or indirectly affect the efficiency of this process. Indeed, we have previously described the presence of "empty" autophagosomes in HD striatals cells as a consequence of inefficient mitochondrial loading during selective macroautophagy that includes fewer engulfed mitochondria [23] . Other authors have also described reduced levels of mitophagy in a HD mouse model expressing mt-keima in vivo, confirming that this mechanism is altered in the presence of mHtt. Other authors have also described reduced levels of mitophagy in a HD mouse model expressing mt-keima in vivo, confirming that this mechanism is altered in the presence of mHtt [32] Mitophagy in differentiated striatal cells is not mediated by Parkin translocation to mitochondria To gain insight into the mechanism by which mHtt affects mitophagy, we analyzed the different steps of the mitophagy process. According to many studies, the initiation of mitophagy commences with the retention of full-length PINK1 protein on the mitochondrial surface and the recruitment and activation of parkin protein [33] [34] [35] [36] [37] [38] [39] . Active parkin ubiquitinates a variety of substrates present on the outer mitochondrial membrane (OMM),either elongating pre-existing ubiquitin chains or ubiquitinating substrates de novo.
Parkin-mediated ubiquitination feeds a positive feedback loop, amplifying the signals that lead to mitochondrial degradation [30] . We investigated whether PINK1 and parkin levels could be affected in ST-Q111 cells upon induction of mitophagy. We observed that PINK1 protein levels remained steady in differentiated ST-Q7 cells upon mild or acute depolarization; however, in differentiated ST-Q111 cells, basal PINK1 protein levels were slightly increased but again, no changes were observed upon rotenone-or CCCP-induced mitophagy ( Fig. 2A) . Depolarization induced by various effectors did not alter parkin protein levels in total cellular homogenates, but more importantly, we were unable to detect parkin protein translocation to mitochondria using two distinct methods. Parkin protein was not detected by immunoblot in isolated mitochondrial fractions; instead, all parkin protein remained cytosolic (Fig. 2B) . Parkin translocation to mitochondria was also not detected by confocal immunofluorescence upon basal or depolarization-induced conditions in differentiated ST-Q7 and ST-Q111 cell lines (Fig. 2C) . This scenario is similar to that observed in other neuronal cells where endogenous parkin translocation to the mitochondria was not detectable [40] [41] [42] [43] . Indeed, most previous studies PINK1/parkin-dependent mitophagy have been performed with overexpression of tagged parkin protein since levels of endogeneous parkin were not detectable. To test if the lack of mitochondrial-associated parkin after depolarization was due to the lower levels of parkin protein, we artificially overexpressed parkin protein tagged to a fluorescent protein (EGFP). We could not promote a clear translocation of EGFP-parkin within a short time with mild depolarization (1 μM Rot 4h). Only after 24h with a strong depolarizing agent (10 μM CCCP) it was possible to observe a partial translocation of EGFP-parkin from a diffuse cytosolic distribution to a mitochondrial localization (Fig 2D) . Nevertheless, EGFP-parkin mitochondrial translocation was only detectable in less than 50% of both ST-Q7 (42,7% ± 11,8) and ST-Q111 (46,3% ± 11,2) differentiated striatal cells (Fig 2D) , as previously reported [44] . This contrasts with other studies where overexpression of parkin led to a clear mitochondrial localization in other cell lines including neuronal cells [40, 41, 45, 46] . Based on these findings, we analysed endogenous and EGFP-parkin translocation to mitochondria in two human immortalized neuroblastoma cell lines, BE(2)-M17 and SH-SY5Y. Similarly to differentiated striatal cells, endogenous parkin was not translocated to mitochondria in BE(2)-M17 or SH-SY5Y cell lines upon mild or acute depolarization (Fig EV 1A) . In contrast, artificial overexpression of EFGP-parkin under strong depolarizing conditions led to nearly all cells showing EGFPparkin translocation to mitochondria (Fig EV 1B) . According to these results, and in agreement with other studies focused on neuronal mitophagy, endogenous parkin levels in striatal neurons seem too low for a clear parkin translocation to the mitochondria to be detected. Considering the latest model of PINK1/parkin-dependent mitophagy [30] , parkin's role in mitophagy is likely to be important as an amplifier of the mitophagy signal, but it is unlikely to be essential for mitophagy to take place. When parkin levels in mitochondria are low (below detectable levels), mitophagy can still take place through a PINK1-dependent process; however, the lack of parkin as an amplifier protein leads to a lower rate of polyubiquitination of the mitochondrial surface protein and consequently mitophagy occurs at a lower rate [30] . In our neuronal model, mitophagy probably takes place at a slower rate or in a less-robust manner, but still works since we were able to detect mitochondria engulfed by autophagosomes and fused with lysosomes ( Fig. 1A) . According to these results, we suggest that induced mitophagy taking place in striatal neurons is independent of parkin translocation to mitochondria, and that this event is not related to Htt protein. Indeed, the observed parkin-independent mitophagy seems to be related to the nature of the neuronal stratial cells themselves since we observed the same effect in both WT and mHtt cells. We can therefore postulate that parkin translocation does not occur in this cell type and mitophagy is taking place at a low level. The observed increase in basal PINK1 levels could be related to alternative roles of PINK1 in other mitochondrial quality control mechanisms that act as sensors of mitochondrial status [26, 47, 48] since mitochondrial dysfunction is present in HD as an early event of the disease and PINK1 not only detects mitochondria depolarization to trigger mitophagy, but also is involved in many other mitophagyindependent mechanisms that respond to mitochondrial damage.
The polyQ tract in mutant Htt affects initation of the mitophagy process
Autophagy initiation is coordinated by ULK1, which forms a complex with Atg13 and FIP200 to regulate the initial step of autophagy induction in mammalian cells [49] [50] [51] . Under basal conditions, the ULK1 protein is bound to mTORC1 (mammalian target of rapamycin complex 1) and inactivated by mTOR-mediated phosphorylation at serine 757 (S757) [52] . To induce autophagy, ULK1 must be activated and released from mTORC1, losing the mTORmediated inhibiting phosphorylation at S757. Simultaneously, AMPK activates ULK1 through physical interaction wit it [53] and via the phosphorylation of the Ser555, Ser777, and Ser317 residues [52, 54] . Previous studies showed that Htt plays a key role as a scaffold protein by binding active ULK1 at its C-terminal domain, by competing with mTORC1 to bind to ULK1, and promoting the initiation of autophagy [27, 28] . To determine the ability of ULK1 to be released from mTORC1 and to understand how the presence of the polyQ tract with 111 glutamines might affect this step, we analyzed the interaction of ULK1 with mTOR and Htt. To this end, we used the Proximity Ligation Assay (PLA) technology since immunoprecipitation with the endogenous proteins was technically not feasible.
In differentiated ST-Q111 cells, the ULK1-mTOR interaction was more stable after depolarization compared to that seen in ST-Q7 cells, where the ULK1-mTOR interaction decreased upon depolarization to permit ULK1 activation (Fig. 3A) . These results suggest that, in mutant cells, ULK1 remains more inactive and bound to mTOR than in WT cells. In a similar way, the ULK1-Htt interaction was increased in ST-Q7 cells after depolarization, but this interaction was not induced in ST-Q111 after depolarization, confirming that ULK1 has a reduced affinity for mHtt (Fig. 3B) . In agreement with the PLA result, mTOR-mediated ULK1 phosphorylation at S757 was more abundant in a mHtt cell line and increased after depolarization, while AMPK-mediated phosphorylation at ULK1 Ser555 was increased after depolarization only in ST-Q7 cells (Fig. EV 2) . We also observed by PLA that another activation site mediated by AMPK phosphorylation at ULK1 Ser317 is also increased in WT cells after depolarization but remained unchanged in mHtt cells (Fig. 3C) . Taken together, these results suggest that the extended polyQ tract in mHtt is somehow interfering with the ULK1 shift from the mTORC1 complex to the Htt scaffolding complex, a necessary step to initiate autophagy and consequently mitophagy as well.
Following its activation, ULK1 phosphorylates beclin 1, a component of the autophagy initiation complex. The complex formed by beclin 1, Vps15, Vps34 and other proteins is responsible for autophagosome formation [55] . Recently it was shown that the deubiquitinase ataxin 3, which is altered in spinocerebellar ataxia type 3, interacts through its WT polyQ domain with beclin 1 and protects beclin 1 from proteasomal degradation.
However, beclin 1 binds not only to ataxin 3 but to a greater extent to expanded polyQ tracts, such as the ones present on mHtt, thus competing with the physiological binding of ataxin 3
and promoting the degradation of beclin 1. Lower levels of beclin 1 are related to lower initiation complex assembly and a lower rate of macroautophagy [56] . Using PLA, we investigated whether this newly identified toxic function of mHtt could affect mitophagy at this step by impairing the formation of beclin 1-Vps15-Vps34 complex as one of the initial protein complexes required for the initiation of autophagy. At basal levels, the beclin 1-Vps15 interaction was downregulated in the presence of mHtt. Upon depolarization, differentiated ST-Q7 cells exhibited increased beclin 1-Vps15 interaction, indicative of the assembly of the beclin 1 initiation complex, while differentiated ST-Q111 cells displayed a downregulation of this complex formation (Fig. 3D) . These results further confirm that expanded polyQ tracts present in mHtt impair formation of the autophagy initiation complex in striatal cells, a result that is in agreement with a previously described reduction of beclin 1 levels in different cellular and animal models with expanded polyQ forms [56] . In summary, mHtt affects the formation and stability of two complexes that are essential for autophagosome formation during autophagy initiation. This scenario might affect all forms of autophagy, but certainly the initiation of mitophagy will also be impaired due to the reduced assembly of these complexes.
The polyQ tract in mHtt affects the scaffolding role of Htt during mitophagy
Previously, we and others have shown that, in addition to its interaction with ULK1, Htt can also interact with the the selective autophagy adaptor protein p62 [27, 28, 23] . Besides p62, different protein receptors for selective mitophagy like NDP52 (also known as CALCOCO2), optineurin (OPTN), NBR1 and TAX1BP1 have been identified [57] . During mitophagy, these receptors are able to recognize polyubiquitinated OMM proteins and, simultaneously, LC3-II in the autophagosome membrane. Whereas initially some studies showed the requirement of p62 for mitophagy [58, 59] , others have reported that lack of p62 does not impair mitophagy [60, 61] . In a recent study using the combined knock-out of all five mitophagy receptors, it has been shown, that although all of the receptors can intervene during mitophagy, only two of them, OPTN and NDP52, are essentials [30] with the others probably having redundant roles. We focused on these two essential receptors with a view to determining whether they are also able to interact directly with the Htt scaffolding complex as previously observed with p62 [27, 28, 23] and NBR1 (data not shown) With our objective being to determine if this interaction could be affected by the polyQ tract, we first determined the presence of OPTN-Htt and NDP52-Htt interactions using PLA (Fig. 4A-B) . Our results were in agreement with previous studies [62, 63] and to protein-protein interaction predictions. Further to this, we detected a reduced OPTN-Htt interaction after depolarization, but only when Htt was carrying the mutant polyQ tract (Fig. 4A) ; this is is in agreement with the decrease in OPTN-Htt colocalization reported in a previous study [62] . Moreover, NDP52-Htt interaction in the presence of mutant polyQ could not be detected (Fig. 4B ). This absence of interaction between NPD52 and mHtt was not due to the absence of NDP52 protein but to the total loss of interaction, since NDP52 protein could still be detected by immunofluorescence in mHtt cells before and after depolarization (Fig EV 3) . These results
show that the interaction between the two essential receptors of mitophagy and Htt is influenced by the number of glutamines in the polyQ tract. In the case of NDP52, the interaction is totally abolished when mHtt is present.
As the last step of substrate recognition during mitophagy, receptors interact directly with and recruit LC3-II, thereby allowing elongation of the autophagosome membrane around mitochondria. We used PLA to analyze how the presence of the polyQ expansion could indirectly affect the binding/recruitment of LC3-II by the receptors to the mitophagy initiation site. We analyzed the interaction between the two essential mitophagy receptors (OPTN and NDP52) with LC3 and observed as expected that upon depolarization, the OPTN-LC3
interaction and the NDP52-LC3 interaction were increased in differentiated ST-Q7 cells.
Conversely, in the presence of the mutant polyQ tract, the OPTN-LC3 interaction was impaired and the NDP52-LC3 interaction decreased, probably as a consequence of the failure of receptors to be recruited to the mitophagy site ( Fig. 4C and D) . In addition to the essential receptors, we also examined the interaction between the autophagy receptors p62
and NBRI with LC3-II by immunoprecipitation and observed the same effect; that mHtt dramatically impairs p62 and NBRI interaction with LC3-II (Fig EV 4) . Taken together, these results confirm the pivotal role of Htt as a scaffold for several mitophagy mechanisms, including the last step of LC3-II recruitment by receptors to the mitophagy initiation site, a key step to promoting enlongation of the autophagosome membrane to engulf tagged mitochondria.
Impaired mitophagy leads to accumulation of damaged mitochondria in ST-Q111 cells
As a consequence of decreased mitophagy efficiency after depolarization, an accumulation of damaged mitochondria can be observed in differentiated ST-Q111 neurons. The ratio between non-depolarized mitochondria, detected with a mitochondrial probe that is sensitive to the mitochondrial membrane potential (TMRM), and total mitochondria, detected with a mitochondrial membrane potential-insensitive mitochondrial probe (MitoTracker® Deep Red)
indicates the number of healthy mitochondria remaining after depolarization. We observed that this ratio was higher in control cells (ST-Q7), whereas mutant cells (ST-Q111) presented lower rates of healthy mitochondria after 24h of mild or acute depolarization (Fig. 5A) . This both differentiated neuronal cell lines had similar basal respiration levels ( Fig. 5B and C) . ).
Inhibition of ATP synthase (complex V) with oligomycin caused an expected decrease in respiration in both ST-Q7 and ST-Q111 cells with no significant difference between the two cell types. Addition of the uncoupling agent CCCP collapsed the proton gradient and caused an increase in the OCR until the maximum respiration rate was achieved. ST-Q111 cells clearly showed a lower rate of maximal respiration and a lower spare respiratory capacity compared with control cells (Fig. 5B and C) , indicating that mitochondria from ST-Q111 cells are bioenergeticaly less active and have a decreased ability to respond to an increased energy demand. When cells were mildly depolarized by exposure to rotenone for 4h and then left to recover for 24h, the remaining mitochondria from mutant ST-Q111 cells exhibited lower levels of basal respiration, ATP production, maximal respiration and spare respiratory capacity compared to control cells subjected to the same treatment (Fig. 5D ). This assay clearly shows that, owing to an inefficient induced mitophagy, the remaining pool of mitochondria present in the cell is not fully healthy, thus contributing to the general mitochondrial dysfunction observed in HD. One previous study also reported the presence of decreased spare respiratory capacity in mutant huntingtin striatal neurons [64] while others observed respiratory deficits only when respiration demand was high [65, 66] . Interestingly, dysfunctional respiration was only observed in striatal neurons but not in cortical neurons [65] which degenerate later in the course of the disease. In the same way, several studies have also described dysregulated glycolysis in the context of HD [67] [68] [69] . One of the main consequences of the cell's inability to properly eliminate damaged mitochondria is the increase in reactive oxygen species (ROS), produced at least in part from the damaged mitochondria. These can be detected by the fluorescent probes CellROX® Green ( Fig. 5E and F) and CM-H2DCFDA (Fig 5G) . Our data showed increased ROS levels in ST-Q111 cells compared with ST-Q7 cells, which might be due in part to the decreased inducedmitophagy rate observed in mutant cells. Higher basal levels of mitochondria-generated ROS and mtDNA lesions were also reported in mutant huntingtin striatal cells [64] , which correlated with the increased presence of oxidative damage in proteins and lipids in the striatum and cortex of human HD brains [70] [71] [72] [73] .
In summary, this work has analysed in-depth the steps by which huntingtin protein modulates mitophagy under conditions that are as close as possible to physiological, with a view to identifying the consequences of the polyQ tract expansion. To this end, we have used differentiated striatal cells expressing endogenous levels of mitophagy-related proteins.
In addition, we have used CCCP to induce a fast and massive mitochondrial depolarization, as well as rotenone at a low concentration, which induces a milder depolarization closer to that which may occur during the evolution of the disease. The results obtained in this work argue in favour of the presence of loss-of-function mechanisms in the HD pathology. By promoting the activation of mitophagy and the recruitment of different elements participating in this mechanism, our studies have demonstrated the key role of Htt protein in mitophagy.
The presence of the mutation in Htt affects the ability of the protein to execute its role and consequently impairs the efficiency of the mitophagy process, leading to the accumulation of damaged mitochondria and the generation of ROS.
At the present we cannot rule out the possibility that other forms of mitophagy that have been described for different stress conditions and that are independent of ubiquitin labeling, PINK1/parkin function and cytosolic receptors [26, 48] are not also taking place in these striatal cells after depolarization; these forms could be partially compensating for the effects of mHtt. While the possible role of Htt protein in these other, potentially redundant pathways is unknown and requires further research, the present work nevertheless demonstrates that
Htt plays an important role in induction-mediated mitophagy during the initiation steps and in recruitment of the essential mitophagy receptors.
In addition of these effects on mitophagy, numerous other alterations to mitochondria homeostasis have also been reported in HD models and tissue, including bioenergetic alterations [74, 75] , reduced activity of OXPHOS complex I, II and IV [76] [77] [78] Obviously not all these mitochondria-associated alterations are are likely to be due to Htt's role in mitophagy,but they could occur as a consequence of other alternative Htt functions [95] . As the events occurring in HD neurons would likely accumulate over the time course of the development of the disease, and since mitophagy is one of the main mitochondrial quality control mechanisms that guarantees a healthy mitochondrial pool, the impairment of neuronal mitophagy described here must play an important role in the pathogenesis of the disease and contribute to the process of neurodegeneration.
MATERIAL & METHODS:
Reagents Immunoprecipitates or whole-cell extracts were analyzed by standard immunoblotting.
Statistical analysis: the values were expressed as the mean ± standard error of the mean (SEM). The significant differences (*p<0.05, **p<0.01, ***p<0.001) when comparing two groups were determined by a two-tailed unpaired Student's t test. When comparing more than two groups, significant differences were determined by one-way or two-way ANOVA followed by Tukey's post hoc test. Statistical analyses were performed using GraphPad Prism 6.
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